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SYNOPSIS
The Thesis entitled “Stereoselective Total Synthesis of (-)-Pironetin and Herbarumin III via Prins cyclisation” has been divided into three chapters.
CHAPTER I: This Chapter deals with an introduction to Prins cyclisation, previous approaches to the key intermediate 1,3 diols and its application in the synthesis of natural products.
CHAPTER II:  This chapter is further divided into two sections A and B.
SECTION A: This section includes introduction and the earlier approaches cited in the literature for the total synthesis of (-)-Pironetin.
SECTION B: This section describes stereoselective total synthesis of (-)-Pironetin via iterative Prins cyclisation.
CHAPTER III: The work carried out in this chapter is also depicted in two sections A and B.
SECTION A: This section describes introduction and previous synthetic approaches of 
Herbarumin III.
SECTION B: This section deals with the stereoselective formal synthesis of Herbarumin III via Prins cyclisation.
CHAPTER I:  This chapter describes introduction of Prins cyclisation, previous approaches to the versatile intermediate 1,3 diols and its application in the synthesis of polyketide natural products. The acid catalyzed condensation of olefins with aldehydes, known as the Prins reaction. Scope of the Prins cyclisation in the synthesis of multisubstituted tetrahydropyrans from aldehydes and homo allylic alcohols, is expanded. A new approach for the stereoselective synthesis of polyketide precursors containing 1, 3-diol units, flanked by divergent alkyl branches with different functional groups. Polyketide natural products are known to possess a broad spectrum of pharmacologically important activities which include antimicrobial, antifungal, antiparasitic and antitumor properties. Some also have significant agro-chemical properties too. Considering the versatility of prins cyclisation and its diversified applications for the development of new synthetic approaches in chemistry Prins cyclisation is extensively studied. The developed principles are very much applied for the synthesis of various polyketide intermediates and explored its application in the synthesis of some natural products. 
CHAPTER II: 
(-)-Pironetin is an unsaturated δ-lactone derivative, which was isolated independently by two research groups from Streptomyces sp. NK10958 and from the fermentation broths of Streptomyces prunicolor PA-48153, respectively. This very interesting compound did possess plant growth regulatory and immunosuppressive activities. Recently, the biological effects of Pironetin and its derivatives on cell cycle progression and antitumor activities were reported.  More importantly, the mode of action of (1) was observed to be different from those established for the immunosuppressants Cyclosporine A (CsA) and FK506 that inhibit T cell activation. Pironetin showed suppressive effects on the responses of T and B lymphocytes to mitogens. Inspired by the biological properties and attracted by its consecutive 1,3-anti diol system flanked by 2- or 4-alkyl groups for which recently at our institute a method is established via Prins cyclisation. Taking leads from such pioneering work, the synthesis of (-)-Pironetin via Prins cyclisation is successfully investigated and the work carried out is presented in this chapter.
RETROSYNTHESIS:
The retrosynthetic analysis for the synthesis of (-)-Pironetin is outlined in scheme I.

















Scheme I
Retrosynthetic analysis (Scheme I) has envisaged that the (-)-Pironetin 1 would be easily constructed from pyran ring 2 with all required stereocenters after chemical modifications. Pyran ring 2 was thought to be constructed by Prins reaction between suitably substituted homoallylalcohol 3 and acraldehyde 4. Inturn homoallylalcohol 3 was thought to be elaborated from substituted pyran system 5 with all required stereogenic centers along with a hydroxy methyl group at C-6 which would be utilized in the opening of pyran ring. Pyran 5 was envisioned to be assembled through Prins cyclisation from homoallylic alcohol 6 and aldehyde 7 which in turn could be obtained through the well established literature.



















Scheme II

		Synthesis commenced from (R)-benzyl glycidyl ether 9. (Scheme II) The Jacobsen HKR of compound 8 using (S,S)-(salen)cobalt(II) precatalyst, aceticacid (AcOH) and H2O (0.51 equiv) for 22 hours resulted in (R)-benzyl glycidyl ether 9 in 46% yield. Opening of the epoxide 9 with propynyllithium in the presence of boron trifluoride diethyl ether (BF3.OEt2) in tetrahydrofuran (THF) at –78 oC resulted in homopropargyl alcohol 10. Debenzylation, Birch reduction of 10 using Na in liquid NH3 furnished trans homoallylic alcohol 6 in 6 hours with 86% yield.  Subjection of homoallylic alcohol 6 to crucial Prins cyclisation with aldehyde 7 using trifluoroacetic acid (TFA) in CH​​2​Cl2 ​resulted in tetrasubstituted pyran 5 in 55% yield after hydrolysis of corresponding trifluoroacetate 11 using potassium carbonate (K2CO3) in methanol. Stereochemistry was assumed to be in anticipated line as it was well examined and established previously. Primary hydroxy group of 5 was selectively protected as OTs using 1.1 equivalents of tosyl chloride (TsCl) and triethylamine yielding 12. Secondary hydroxy group in Compound 12 was protected as TBS ether using 1.1 equivalents of tert-butyl dimethylsilyl chloride (TBSCl) and imidazole providing 13. Exposure of compound 13 to sodium iodide (NaI) in refluxing acetone gave the corresponding iodide 14 for 24 hours in 97% yield.  

















Scheme III

Compound 14 on reductive opening using unactivated Zinc in refluxing EtOH furnished alcohol 16 in 80% yield. Secondary hydroxy group in Compound 16 was transformed into methyl ether using sodium hydride (NaH) and methyl iodide (MeI) to produce fully protected 17. The next task to insert ethyl group on olefin function in an anti fashion, through cross metathesis with Pivolyl protected homoallyl alcohol 17a using Grubb’s II catalyst in CH2Cl2 was attempted and  obtained 18 in 76% yield. The pivaloyl ester in 18 is deprotected to obtain free alcohol using K2CO3 in methanol with 68% yield. The hydroxyl group in 19 was treated with mesyl chloride, triethylamine in CH2Cl2 and obtained corresponding mesylate which upon treatment with LAH in THF under refluxing conditions afforded deoxygenated compound 20 in 95% yield. (Scheme III)

















                                                        
Scheme IV

It was thought that the synthesis had reached to the stage for homologation on the other terminal. Hence, removal of benzyl ether in 20 using Na/liq.NH3 followed by protection of resulting hydroxyl group to tosylate using TsCl and triethylamine in CH2Cl2 produced 22 in 97% yield. Substitution of tosylate with lithium acetylide ethylene diamine complex in DMSO furnished the acetylene 23 in 82% yield. Treatment of 23 with n-BuLi and quenching with methyl iodide gave the corresponding alkyne 24. Subsequently the TBS group in 24 was deprotected using CSA, MeOH which afforded 25 in 99% yield. Reduction of the alkyne under Birch condition proceeded smoothly providing control for the E-geometry to form homologated 3 in 90% yield. (Scheme IV)


















                                                          Scheme V

The second Prins cyclisation on 3 with acrolein using trifluoroacetic acid (TFA) in CH​​2​Cl2 resulted in tetrasubstituted pyran 2 in 58% yield after hydrolysis of the corresponding trifluoroacetate using potassium carbonate (K2CO3) in methanol. The resulting pyranol was protected as its mom ether to afford 26 in 97% yield. Reductive opening of pyran 26 is performed using Na in liq. ammonia which yielded 27 as a diastereomeric mixture in 94% yield. The hydroxyl group in 27 was protected as acetate ester using Ac2O, DMAP, CH2Cl2 to affording compound 28 in 92% yield. (Scheme V)
























                                                         Scheme VI

Methoxy methyl ether in 28 was cleaved using Me3SiBr in CH2Cl2 to give alcohol 29 and the resulting alcohol was transformed to its acrylate with acryloyl chloride, triethylamine in CH2Cl2 produced a key fragment 30. Ring closing metathesis reaction of 30 with Grubbs’s II generation catalyst in CH2Cl2 followed by hydrolysis of acetate group produced (-)-Pironetin 1 in 58.5% yield. Synthetic compound showed spectral and analytical data (1H NMR, 13C NMR, IR, Rf and D) identical to the isolated sample.(Scheme VI)

CHAPTER III:
	Herbarumin III (1) isolated from the fermentation broth and mycelium of the fungus phoma herbarum, displays significant phytotoxic effects against seedlings of Amaranthus hypochondriacus. The herbarumin macrolides (1-3, Figure 1) interact with bovine-brain calmodulin and inhibit the activation of the calmodulin-dependent enzyme cAMP phosphodieterase. A stereoselective total synthesis of Herbarumin III via Prins cyclisation is systematically executed.






RETROSYNTHESIS:






















                                                              Scheme VII

Through the synthetic analysis (Scheme VII), it is envisaged that the target molecule could be prepared from 4 through a ring closing metathesis (RCM). Compound 4 is viewed as being obtained from 5 via Mitsunobu inversion. It is proposed to obtain the 1,3 diol 5 from the iodide 6 via treating with silica and in turn pyran derivative 6 could be obtained via Prins cyclisation of the homoallylic alcohol 7 and butyraldehyde 8.

Synthesis of Herbarumin III









Scheme VIII
The synthesis of Herbarumin III is initiated from epichlorohydrin as described in Scheme VIII. Epichlorohydrin 9 on treatment with benzyl alcohol in Tetrahydrofuran (THF) yielded benzyl glycidyl ether 10 using a well documented procedure. The Jacobsen HKR of compound 10 using (R,R)-(salen)cobalt(II) precatalyst, aceticacid (AcOH) and H2O (0.51 equiv) for 22 hours resulted in (S)-benzyl glycidyl ether 11 in 46% yield. Reaction of 11 with vinyl magnesium bromide in THF, in presence of CuCN resulted the coupled product 12 which on debenzylation gave homoallylic alcohol 7.  





       






	                       
                                                                  Scheme IX

                Prins cyclisation of homoallyl alcohol (HAA) 7 with butyraldehyde in the presence of TFA followed by hydrolysis of the resulting trifluoroacetate 13 using K2CO3 in MeOH furnished trisubstituted pyran 14 in 52% yield. The stereochemistry was assumed to be in accordance as it was well examined and established previously. However, it was proved after elaborating the compound 14 to the target molecule which in all respects was identical with the reported one. Selective tosylation of primary hydroxyl group in 14 using 1.1 equiv of tosyl chloride in the presence of TEA in DCM produced the corresponding primary tosylate 15 in 95% yield. Protection of the secondary alcohol in compound 15 as the MOM ether is carried out in the presence of DIPEA and MOM chloride in DCM to afford 16 in 98% yield.  Compound 16 on exposure to Sodium iodide (NaI) in refluxing acetone gave the corresponding iodide 6 in 24 hours. (Scheme IX) 























                                                                 Scheme X

The elimination of HI from 17 was achieved by using sodium hydride (NaH) in N,N-dimethylformamide (DMF) produced enolic exo-olefin 18 which on column chromatography revealed rearranged product 19. In fact, it is anticipated that rearranging the exo-olefin 18 to the more stable endo-olefin 19 in an acidic medium but rearrangement occurred on silica gel during flash chromatography. To confirm that the elimination reaction itself did not result in rearranged product, the crude product of elimination reaction is analyzed for its proton  nuclear magnetic spectroscopy (1H NMR) which clearly revealed the presence of two doublets at δ 4.33 and 4.09 ppm (J = 2.2 Hz, geminal coupling) and absence of any characteristic signal regarding rearranged product. Then, the substrate 19 was subjected to ozonolysis and converted to the corresponding acetoxy aldehyde, which without purification was treated with Wittig furnishing the open chain olefin product 20. Hydrolysis of the acetate group in 20 using K2CO3 in MeOH resulted the alcohol 5. (Scheme X)


















                                                            Scheme XI

Alcohol 5 when subjected to standard Mitsunobu inversion conditions using DEAD, PPh3, p-nitrobenzoic acid in THF followed by hydrolysis of the corresponding ester using K2CO3 in MeOH yielded 21 with the required syn-1, 3-diol system. Esterification of the free hydroxyl group of 21 with 5-hexenoic acid in the presence of DCC and a catalytic amount of DMAP readily provided the diene 22 and set a stage for macrocyclization by ring closing metathesis. The macrocyclization, deprotection of the MOM ether 22 using TFA in DCM (1:4) provided the corresponding alcohol 4 in 85% yield.
The compound 4 possessed all the structural requirements, as well as the sense of chirality to be converted in to target macrolide, via a Ring Closing Metathesis (RCM) reaction. The RCM reaction provides a remarkable scope for the synthesis of medium sized rings and macrocyclic products and is being used extensively. Although, due to the inherent ring strain, the construction of the medium sized 8-11 membered cycloalkenes via the RCM reaction is very challenging and of course some precedents exist. 
The presence of a suitable functionality and its distance from the olefins play key roles in the success of the metathesis reaction. It has been reported that the RCM reaction proceeds satisfactorily with substrates possessing a 5-hexenoate ester moiety which is present in the dienic derivative 4. All these considerations provided the required confidence in the present endeavor of synthesizing the target molecule. 
The diene 4 upon treatment with 5 mol% Grubb’s II catalyst under high dilution conditions (0.001 M in DCM) produces Herbarumin III (1) in 62% yield which in all respects was identical to the reported natural product. (Scheme XI)
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